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ABSTRACT 

U l t r a f i l t r a t i o n  s tud ie s  conducted o:n synthe t ic  

and r e a l  u r ine  during the report  period lnave led t o  the  

se lec t ion  of ce l lu lose  ace t a t e  a s  the  most promising mernbrane 

mater ia l .  
I 

I Ur;ing spec ia l ly  cast  ce l lu lose  a c e t a t e  membranes 

and rea l  ur ine  It has been possible  t o  p:roduce water which 

meets the  Ur,lted S t a t e s  Public Health Se:rvice spec i f i ca t ions  

f o r  chlor ide,  amonla and t o t a l  s o l i d s  in drinking water a t  

f luxes  ( r a t e  of product water formatiou) of 9-13 l i t e r s  p e r  

f o o t  square of f i l t r a t i o n  surface pe r  operation day, 

I 
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1.0 DISCUSSION OF RESULTS 

1.1 Apparatus 

The experimental u l t r a f i l t r a t i o n  apparatus and 

procedures are de ta i l ed  i n  the Experimental Section (2.0) . 
Our u l t r a f i l t r a t i o n  apparatus and procedures a r e  q u i t e  v e r s a t i l e  

and al low us  t o  study the e f f e c t  of varying such experimental 

parameters as  

a. Feed so lu t ion  

b . Membrane p rope r t i e s  

c .  Pressure 

d. Temperature 

e. Linear flow r a t e  of feed. 

Not a l l  o f  these parameters have been varied i n  our 

work to-date.  

coworkers on the  u l t r a f i l t r a t i o n  of sea water., 192 

confining, f o r  the t i m e  being, our s tud ie s  t o  the l5OO-2OOO p s i  

range. Actually, our work to-date has been performed only a t  

2000 p s i .  F’urthermore, s ince Loeb has found that  high 

l i n e a r  f low r a t e s  of feed so lu t ion  a r e  des i rab le ,  our work has 

been done w i t h  the highest  flow r a t e  possible  with our experi-  

mental system. 

so lu t e  r e j ec t ion ,  it was deemed necessary t o  work under constant 

temperature conditions.  

communication was performed a t  32-45OC. 

apparatus has been modified so a s  t o  a l low cont ro l  of  tempera- 

t u re  t o  1 0 . 5 O C .  All fu tu re  eweriments  w i l l  be performed 

a t  30°C.f0.50C, unless  temperature i s  the  pai.ameter t o  be 

studied. 

Thus, based on the reported r e s u l t s  of Loeb and 

we are 

Since temperature a f f e c t s  both water f l u x  and 

The bulk of the  work reported i n  t h i s  

Our experimental 
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1.2 U l t r a f i l t r a t i o n  of Urine 

An evaluation o f  c o m e r c i a l l y  ava i l ab le  f i l m s  i n  t h e  

R A I  experimental u l t r a f i l t r a t i o n  system :failed t o  y i e l d  any 

mater ia l s  with promising a c t i v i t y ,  Xn view of t h i s  f ind ing  

the program was d l rec ted  toward the syntlhesis of membranes 

with s u l t a b l e  a c t i v i t y .  The most s u i t a b l e  meabranes prepared 

t o  date  a r e  those which a r e  prepared from ce l lu lose  ace t a t e  

v ia  a spec ia l  ca s t ing  technique. 

Two separate  approaches t o  the problem of recovering 

potable water from ur ine  v i a  u l t r a f i l t m t i o n  were inves t iga ted  

during t h i s  repor t  period. One involved the  u l t r a f i l t e r i n g  of 

ur ine  so lu t ions  without any p r i o r  pre-treatment . I n  studying 

this approach synthe t ic  ur ine so lu t ions  were inves t iga ted  which 

contained sodium chlor ide and ureab  The second approach s tudied 

involved the pre-treatment of ur lne  with urease t o  convert the 

urea t o  ammonia and carbon dioxide. This was followed by 

a c i d i f i c a t i o n  with c i t r i c  ac id  i n  order  t o  convert the  ammonium 

carbonate t o  ammonium c i t r a t e .  

cons i s t s  of ammonia and carbon dioxide w'hich form ammonium 

(The ure,sse t r e a t e d  urea 

carbonate t o  some exten t  but the  concentration of f r e e  ammonia 

i s  very high i n  such so lu t ions .  For t h i s  reason the  ammonla, 

carbon dioxide p lus  ammonium carbonate sol-ution was ac id i f  fed 

with c i t r i c  ion  acid t o  completely convert the  ammonia t o  

ammonium ion. The u l t r a f i l t r a t i o n  of a synthe t ic  ur ine so lu t ion  

o f  ammonium carbcnate (Experiment No. 156-72B) showed only 

82s ammonia r e j ec t ion . )  

The difference between the two approaches is simply 

tha t  the f i r s t  one I s  attempting t o  u l t r a f i l t e r  the  ni t rogen 

i n  the form of the  non-ionic urea molecule while  i n  the  l a t t e r ,  
-3- 



one is  u l t r a f i l t e r i n g  the ion ic  ammonium species .  The r e s u l t s  

of our s tud ie s  with syn%hetic ur ine  solut iona are shown i n  

Table 1 

are shown a s  Experimerzts Nos, 156-13A throGgh 76C; those 

involving the use of ammonium ion a r e  shown 1.n Experiment Nos. 

156-628 through 72B. A s  i s  r ead i ly  evident from these r e s u l t s  

the am;nonium species  are much more e a s i l y  re jec ted  than the 

urea molecule , 

The expesirnents involving the urea. u l t r a f i l t r a t i o n  
A" 

It i s  seen from the r e s u l t s  i n  Tzb1.e IA t h a t  t he  pre- 

t r ea tnen t  procedure ac tua l ly  gives  e f f i u e n t s  which can be 

c l a s s i f i e d  as potable water by U,S, Public Health Service 

spec i f i ca t ions ,  Because of t h i s  highly encouraging r e s u l t  

it was deci&!i t o  inves t iga te  this technique with ac tua l  ur ine  

a s  a feed solut ion.  Urine was col lected,  treated with urease,  

ac id i f l ed  w i t h  c i t r i c  ac id  and then charged In to  our u l t r a -  

f i l t r a t i o n  apparatus,  The r e s u l t s  of these experiments are 

seen i n  Table I 

those f o r  the synthe t ic  w i n e  solut ions.  Analyses of the 

e f f l u e n t s  showed t h a t  they passed the U.S.P,H.S, spec i f ica t ions  

f o r  chlor ide,  amqonia, and t o t a l  so l id s ,  This approach t o  the 

problem of water recovery from ur ine  i s  being followed up i n  

g r e a t e r  d e t a i l  t o  op t in ize  the various experimental and 

engineering parameters, 

The r e s u l t s  w i t h  ur ine follow very c lose ly  B' 

Tile f a c t  t h a t  success has been achi-eved with the pre- 

treatment technfr;ue has not a t  a l l  meant t he  cessat ion of 

attempts t o  iqwove the  d i r e c t  u l t r a f i l t r a t i o n  of ur ine without 

pre-treatment. Such a d i r e c t  u l t r a f i l t r a t i o n  i s  highly desir-  

ab le  f r o m  a l l  po in ts  of view as regards weight, volume, 
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FOOTNOTES TO TABLES IA AND IB 

(B) The United S t a t e s  Public Health Service spec i f i e s  that  
500 pavlts pe r  mi l l ion  is  the maximum allowable concentration 
o f  dissolved s o l i d s  i n  a drinking water supply. 

( C )  The u r ine  employed was co l lec ted  amongst the  male members 
of the RAT s taff .  It was allowed t o  s e d l m n t  f o r  
1-1i2-3 days i n  the presence ci' 1 gin*,hi ter  o f  urease. 
A t  the end o f  t h i s  period it  was decanted, a c i d i f i e d  with 
c i t r i c  acid, and charged i n t o  the  r e se rvo l r  of  the  u l t r a -  
f i l t r a t i o n  apparatas. 

p l a t e  tenperature  3*C e ,  quench i n t e r v a l  temperature 3OC. 
(D) CastLng so lu t ion  temperature -20 - 2 5 O c ,  glass 

(E)  Casting so lu t ion  temperature -20 -) -25i°C., g l a s s  
p l a t e  t e m p r a t u r e  - l 7 O C . ,  c a s t  and drawn clown a t  RT, 
placed i n  r e f r i g e r a t o r  a t  -170C0 and quench i n t e r v a l  
measured i n  r e f r i g e r a t o r  a t  -170~.  

30 2 Oo50C, 
(F)  Feed s o h t i o n  temperature ( r e se rvo i r )  cont;rollzd a t  

A l l  o thers  run a t  temperatures from 32-45OC. 
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eff ic iency,  e t c .  

Table IA it i s  evident that a s l i g h t  improvement over the  

r e s u l t s  of  t h i s  experiment would make possible! the  use o f  a 

two-pass d i r e c t  u l t r a f i l t r a t i o n  system. Thus, i f  the ammonia 

r e j ec t ion  could be increased from 84s t o  918, one could r ead i ly  

v isua l ize  a two-pass system which would resul t :  i n  9 9 %  r e j e c t i o n  

of urea and thus y i e ld  a potable water on a d i r e c t  u l t r a -  

f i l t r a t i o n  method w i t h  no pre-treatment. Work: i n  t h i s  d i r ec t ion  

I n  studying Experiment No. 1.56-75C of 

as regards menbrar,e f ab r i ca t ion  i s  i n  progress. 

1.3 Membrane Fabrication 

A s  indicated above i n  Section 1.2, the membranes 

which have been found usefu l  i n  th i s  study are  spec ia l ly  c a s t  

ce l lu lose  ace t a t e  membranes. The a c t i v i t y  of these membranes 

has  been found t o  be qu i t e  good and it  has been possible  t o  

g r e a t l y  vary the p rope r t i e s  of these meabranee. Thus, by 

varying such parameters a s  cas t ing  so lu t ion  colmposition, 

ca s t ing  so lu t ion  temperature, temperature of cast ing,  

temperature during quenching, length o f  quench period and 

temperature of the  annealing process, one i s  ab le  t o  prepare 

a va r i e ty  of membranes with d i f f e r e n t  wat;er f luxes  and so lu t e  

re jec t lon  properdties. Due t o  the extreme cold. temperatures 

employed i n  the cas t ing  procedure, a high degree of lack of 

r ep roduc ib i l i t y  i n  membranes has been observed. A l a rge  

segment of the work f o r  the  coming qua r t e r ly  period w i l l  

involve f u r t h e r  inves t iga t ion  of the exgerimental parameters 

necessary f c r  obtaining reproducible mcnbranes. A s  mentioned 

i n  Section 1.2 above the bulk of our  experimental membrane 

program w i l l  be aimed towards f ab r i ca t ing  membranes which w i l l  

-8- 



r e j e c t  urea i n  high enough r e j e c t i o n  t o  allow a d i r ec t  (non-pre- 

treatment) u l t r a f i l t r a t i o n  of ur ine.  
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2.0 

2.1 Experimental U l t r a f i l t r a t i o n  System 

EXPERIMENTAL P R O O U R E S  AND APPARATUS - 

The e x p r i n e n t a l  u l t r a f i l t r a t i c n  system is depicted 

i n  Figure I. T h i s  apparatus i s  a laboratory u n i t  and bears 

no resemblance t o  a prototyge un i t .  A l l  2artEi 0% the  system 

a re  nede of 316 s t a i n l e s s  s t e e l  to prevcrdt comosion.  I n  

operation the  ur ine  r e se rvo i r  ( A )  i s  charged with the  ur ine 

feed which i s  then passed a t  a t rn~epheric  p r e s w r e  i n t o  the 

l i n e  c a r t r l e g e  f i l t e r  (B) to f i l t e r  Gut p a r t i c u l a t e  mat ter  and 

i n t o  the  diaphragm pwA9 ( C )  . 
dischayges the feed at ai?y desired pressure (to 2500 p s i )  and 

flow r a t e  ( t o  approximately 600 m l .  p e r  minute). 

feed, which i s  now unCer pressure,  i s  then forced through coils 

I n  the  bath ( D )  i n  ordzr  t o  inalntain the system tenperature 

The diephragm pump (Kilton Roy Co . ) 
The ur ine  

constant t o  withln Oe50C. and f r o a  there  into the  u l t r a f i l t r a t i o n  

c e l l  (E)  where i t  flows across  t h s  (porous p l a t e - f i l t e r  paper 

supported) membrene . 
disassembled and assenbled i n  Figures I1 and :XI, respect ively.  

The proeuct water leaves the bottom o f  t he  u l t r a f i l t r a t i o n  c e l l  

(a f te r  trave;.Wr-g the membrane, f i l t e r  pqI2r,  and porous p l a t e  

i n  t ha t  oraer )  and I s  col lec ted  i n  the  rece iver  ( J ) ,  The feed 

so lu t ion  a 3 e r  leaving the  c e l l  (E)  goes through the  gas 

ac t iva t ed  (1) back pressure valve ( G )  where the pressure r e tu rns  

t o  atmospheric and on through the  flow meter (H) on its way back 

t o  the u r b e  r z se rvo i r  ( A )  f o r  recycling. 

The u l t r a f i l t r a t i o n  c e l l  i t s e l f  i s  shown 

m a  l h L s  eycperimental setup a l l o m  one t o  e a s i l y  vary 

such operations parameters as pressure,  temperature, and 

l i n e a r  flow r a t e  over the membrane surface.  I n  most of our 

experiments t o  date ,  the  pressure has been maintained a t  2000 ps i .  

-10- 





FIGURE I1 - Experimental Ultrafiltration Cell (Disassembled) 

A B C 

A - Filter Paper Membrane Underlay 
B - Membrane 
C - Neoprene Gasket 
D - Lower half of cell showing 3.73" diameter press fit stainless 

E - Upper half of cell showing inlet and exit ports. 
F - (10)-1" diameter n u t s ,  bolts, washers, and lock  washers. 

steel porous plate, sealing sumface, and alignment pins. 



FIGURE I11 - Experimental Ultrafiltration Cell (Assembled) 

Cell is shown bolted together. The feed and exit lines are 
a l s o  shown. 



Most of the experiments t o  date  were performed before the  

temperature cont ro l l ing  u n i t  was i n s t a l l e d  and were performed 

under ambient conei t ions whish resu l ted  i n  a syatem temperature 

of 32-45oC. Since the  i n s t a l l a t i o n  of tile temgerature con t ro l l -  

i ng  un i t ,  a l l  experiments are being perforned a t  30?0.5°C. 

(The tmpesa tu re  of t he  bath i s  control led by a thermoregulator 

immersed i n  the feed r e se rvo i r ,  Tnus, the  bath temperature i s  

maintained a t  whatever temperature i s  required i n  order  t o  keep 

the  feed a t  3OOC. )  

The cavi ty  i n  the u l t r a f i l t r s t i o c  c e l l s  i s  a 4 inch 

cyl inder  with a height of' 1/16 inch. 

par t  of the  c e l l  i s  ra i sed  from the  bottom pa:rt by the  sea l ing  

gasket. 

cav i ty  over the  membrane surface of ca, 3/32 inch height.  

I n  operation, the  top 

This r e s u l t s  i n  a f i n a l  cy l ind r i ca l  4 inch diameter 

The 

l i n e a r  flow r a t e  over the  membrane surface employed i n  a l l  of 

our experiments i s  ca. 5 cm./sec, as calculated f o r  the  s t r a i g h t  

l i n e  flow connecting the i n l e t  and o u t l e t  p a r t s  and ca, 4 cm./sec. 

f o r  the maximum ( i o e . ,  4 inch diameter) cross-sect ional  area 

perpendicular t o  the d i r e c t i o n  of flow. 

2.2 %=;e ra t  ion of  Membranes 

a ,  Casting Solution 

The cas t ing  so lu t ion  composition used i n  the preparation 

of the  membranes i n  Tables IA and IB has the following 

composition: 

Cellulose Acetate ( E  398-3) Eastman Kodak Co. = 411.4 grams 

Acetone = 133.4 " 

Magnesium Perchlorate = 2.2 

Water = 20.0 

11 

11 

Total. = 200.0 grams 
-11- 



The ingredien ts  were weighed i n t o  wide-mouthed, 

t e f lon  gasketed b o t t l e s ,  closed, placed on a roll m i l l  u n t i l  

solut ion i s  complete and then cooled t o  an appropriate tempera- 

t u re .  

b. Casting Procedure 

The cold cas t ing  so lu t ion  i s  poured onto a cold glass 

p l a t e  and a doctor blade drawn across  the  p l a t e .  

a wet f i l m  of uniform thickr,ess on the g l a s s  p l a t e .  The p l a t e  

containing the  f i l m  i s  then placed i n  a cold environment f o r  a 

t i m e  i n t e r v a l  ( the  quench per iod)  and then quickly immersed 

i n  an ice-water bath f o r  1 hour. The temperatures of t he  

cas t ing  solut ion,  g l a s s  p l a t e ,  and cold environment during the  

quench i n t e r v a l  and the  length of the  quench period a re  a l l  

important parameters i n  determining the p rope r t i e s  of the  

membrane. 

This leaves 

c. Annealing Cycle 

After the immersion i n  ice-water, the  f i l m  was peeled 

from the glass p l a t e  and placed i n  a c i r c u l a t i n g  water bath 

and heated from room teEperature t o  the annealing temperature 

and held a t  t h i s  temperature f o r  20 minutes. The bath was then 

allowed t o  m o l  t o  room temperature. The f i l m  was then considered 

ready f o r  use. It is  important t ha t  the  side of t h e  membrane 

facing the glass p l a t e  during the  c a s t h g  operat ion face  the  

porous p l a t e  during the  u l t r a f i l t r a t i o n  operation. 

The= annealing temperature i s  very i q m r t a n t  as 

regards the  f i n a l  membrane proper t ies .  Our work has involved 

a study of  annealing temperatures from 75 t o  90°C. 

-12- 



2.3  Analytical  

1, Bacter iological  Qual i ty  

The bac ter io logica l  qua l i t y  of  two e f f l u e n t s  from 

a real  ur ine  experiment i s  current ly  being invest igated by an 

independent outs ide laboratory.  The t o t a l  bac te r ia  and coliform 

group organisms are being measured. The r e s u l t s  of these 

measurements w i l l  be reported a t  a l a t e r  date .  

2 ,  Chloride Ion - The Volhard Method 

I n  t h i s  method the chlor ide ion containing sample 

i s  t i t r a t ed  wi th  an excess of standard s i l v e r  n i t r a t e  as  p e r  

the equation below: 

Ag+ + C1' .-> A g C l  1 + A$ 

The excess s i l v e r  ion is then back-t i t ra ted with 

standard thiocyanate so lu t ion  

Ag+ + SCN- ,-) AgSCN 

the f irst  drop of excess thiocyanate r e a c t s  wi t th  f e r r i c  alum 

indica t o r  t o  give the colored Ferri thiocyanate ion - 
0 6SCN- + Fe+++ ,-) Fe(SCN)6 

soluble red-orange-brown 

Nitrobenzene i s  added a t  the end of the s i l v e r  n i t r a t e  t i t r a t i o n  

t o  prevent the equ i l ib ra t ion  of thiocyanate ion w i t h  p r ec ip i t a t ed  

s i l v e r  chlor ide via  the following react ion which would y i e ld  

high r e s u l t s  

A g C l  + CNS' -) AgCNS + C1' 

3. Fatal Ammonia - The Indophenol Mls:t,hod - 
The ana lys i s  of  t o t a l  ammonia is t he  sum t o t a l  o f  

ammonia, ammonium ion,  and ammonia ava i l ab le  f r o m  urea ( 2  moles 

per mole) contained i n  a given sample. 

The ana ly t i ca l  method is essential1.y a two-step 

-13- 



reac t ion  i n  which the urea is first converted t o  ammonia and 

carbon dioxide under the influence of t he  enzyme urease 

H2N-C-IW2 + 3F20 2NX40H + C!02 
11 

0 

The liberated amonia  ( o r  ammonium hydroxide) i s  then 

reacted wi th  hypochlorite t o  y i e ld  chloramine 

NH + O C i -  .-) NH C 1  + OH- 3 2 

which is t k n  believed t o  r eac t  stepwise wi th  phenol t o  y i e ld  

f i n a l l y  the  intense blue indophenoxide anion which i s  measured 

photometrically.  The sequence i s  depicted i n  the  following 

equations 

NHzC1 + H O - 1 0  /-- ) O=(=J=N-Cl 

O = o = N - C l  + HO- (TJ O O N  - OO:@ 

Blue, absorption max. near 6250 8 
4. Total  D3ssolved Sol ids  

The U,S.  Public Health Service s t a t e s  t h a t  500 par t s  

pe r  mi l l ion  ( N  500 mgs. per l i t e r )  i s  the maximum s o l i d s  

allowable i n  a given drinking water supply, 

the  determination of s o l i d s  e n t a i l s  the drying of a sample 

Our procedure f o r  

of u n i t  v o l u x  t o  constant weight a t  5OoC. and weighing the 

non-volati le res idue.  
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